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[57] ABSTRACT 

Masking selected portions of a ribbon and forming an 
intermetallic compounds on the unmasked portions by 
a controlled diffusion reaction produces a twisted fila- 
mentary structure. The masking material prohibits the 
formation of superconductive material on predeter- 
mined areas of the substrate. 
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TWISTED MULTIFILAMENT SUPERCONDUCTOR 

ORIGIN OF THE INVENTION 

The invention described herein was made by employ- 
ees of the United States Government and may be man- 
ufactured and used by or for the Government for gov- 
ernmental purposes without the payment of any royal- 
ties thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention is directed to a twisted multifilament 
intermetallic compound superconductive ribbon or 
tape. The invention is particularly concerned with pro- 
ducing such a material by controlling a diffusion reac- 
tion process. 

Existing technology has provided commercially avail- 
able, flexible, superconductive ribbon in the form of a 
substrate material having a brittle superconductive in- 
termetallic compound, such as Nb 3 Sn or V 3 Ga, formed 
on the substrate by various means. These intermetallic 
compounds have the desirable characteristic of remain- 
ing in the superconductive state to higher values of 
magnetic field strength, temperature, and current den- 
sities than most other superconductive materials. How- 
ever, thin sections are required to achieve the desired 
flexibility without damage because the compound is 
very brittle. 

All known superconductors are subject to instabili- 
ties in their performance characteristics which limit 
their usefulness, unless certain steps are taken to re- 
duce or eliminate these instabilities. The provision of a 
low resistance, high thermal conductance material in 
parallel and in intimate contact with the superconduc- 
tor has been adequatefor large, low current density ap- 
plications. Other solutions are necessary for higher cur- 
rent density applications, such as very high field 
strength magnets. 

The instabilities arise from magnetic flux penetra- 
tions called “flux jumps” which occur when the mag- 
netic field strength at the superconductor forces 
shielded or pinned flux to move into or within the su- 
perconductor. These flux jumps are accompanied by 
local reversions to the resistive state. The severity of 
the effect is not solely 1 determined by the value of the 
useful or “transport” current which must pass through 
the resistive region. It also depends on the value of the 
magnetization current, an induced circulating current, 
which may approach the critical current density. 

Nontwisted current-sheet superconductors are sub- 
ject to instabilities resulting from magnetization cur- 
rents. The severity of the instability is strongly depen- 
dent on the rate of change of magnetic field at the con- 
ductor. Nontwisted current-sheet superconductors are 
totally unsuitable for alternating current applications. 

For ductile superconductive alloys, such as NbTi, sta- 
bility is achieved by dividing the superconductor into 
many fine filaments embedded in a copper matrix and 
then twisting the resulting composite conductor. The 
twist reduces the magnetization current loop path, and 
if sufficiently short twist pitches are used, the transport 
current can be made the limiting factor. 

Thin ribbons or tapes of a superconductive material, 
such as Nb 3 Sn or V 3 Ga' present a different problem. A 
twisted Nb 3 Sn filamentary structure has been produced 
in the form of cabled strands and suggested as strands 
in a matrix material. However, these methods cannot 
produce the desired flexibility of the conductor be- 
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cause of the extreme brittleness of the intermetallic 
compound. Winding of the unreacted niobium and tin 
materials and then reacting at high temperatures to 
form a compound in place has been used. However, 

5 this procedure suffers from the disadvantages of requir- 
ing high temperature insulation and results in a product 
that cannot be unwound or repaired. Winding of con- 
ductor shapes other than thin ribbon results in exces- 
sive tensile stresses in the outer fibers of the conductor. 
10 This tends to destroy the brittle Nb 3 Sn. The tensile 
stresses result from the difference in circumferential 
distance traversed by the outer and inner fibers of the 
conductor. 

Removal of the superconductor to form filaments has 
15 been utilized in the prior art. However, this is a slow 
process, and it leaves unsupported edges of Nb 3 Sn. 
Also the removal operation may damage adjacent sec- 
tions of the material. 

20 SUMMARY OF THE INVENTION 

These problems have been solved by the present in- 
vention wherein the superconductor is divided and the 
current path twisted without physically distorting the 
ribbon. Prior to producing the superconductive com- 
pound a mask is formed on the base ribbon to selec- 
tively prevent the formation of the superconductive 
compound on predetermined portions of this substrate. 
The masked portions form the boundaries defining the 
30 filamentary structure and the twist characteristic. Sub- 
sequent diffusion reaction of the unprotected regions 
of the base ribbon and the other reaction constituents 
produces the superconductive compound only in the 
desired current path pattern. 

35 OBJECTS OF THE INVENTION 

It is, therefor, an object of the present invention to 
provide twisted filamentary current paths of a super- 
conductive material without inherently placing tensile 
40 strains on a brittle material. 

Another object of the invention is to form twisted fil- 
amentary current paths of superconductive intermetal- 
lic compounds having improved stability in that they 
are less susceptible to transition to the normal state 
45 than nontwisted and nonfilamentary intermetallic com- 
pounds. 

A further object of the invention is to provide twisted 
filamentary current paths that are stable without sacri- 
ficing the flexibility of a ribbon conductor. 

50 still another object of the invention is to form twisted 
filamentary current paths of superconductive interme- 
tallic compounds having supporting structure between 
the filaments. 

These and other objects of the invention will be ap- 
55 parent from the specification which follows and from 
the drawing wherein like numerals are used throughout 
to identify like parts. 

DESCRIPTION OF THE DRAWING 

^ FIGS. 1 to 6 are sectional views illustrating the fabri- 
cation steps used to produce the superconductive rib- 
bon of the present invention; 

FIG. 7 is a perspective view of a ribbon with masking 
material forming twisted filamentary paths; and 

FIG. 8 is a perspective view of a twisted filamentary 
superconductive ribbon constructed in accordance 
with the invention. 
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The Nb 3 Sn is preferably formed between 930° C and 
DESCRIPTION OF THE PREFERRED 970° C. The masking material 20 shields the niobium 

EMBODIMENT f ro m the tin an( j pre vents the formation of the super- 

Referring now to the drawings there is shown in FIG. conductive compound Nb 3 Sn in the masked regions as 
8 a twisted, multifilament superconductive ribbon of an 5 shown in FIGS. 6 and 8. 

intermetallic compound constructed in accordance The etchant resistant material also may be selectively 

with the present invention. A flexible base 10 of a suit- applied by a suitably indexed printing process. In this 

able material, such as niobium, forms a substrate. This manner only the desired masked regions on each side 

substrate is preferably in the form of a ribbon or tape and edge of the coated ribbon have etchant resistant 

a few hundredths of a millimeter thick and about 1.25 10 material applied. 

centimeters wide. Similarly, uncoated niobium ribbon may be masked 

In order to make the ribbon shown in FIG. 8 the sub- with a plating resist material using a photo resist or 

strate 10 shown in FIG. 1 is first cleaned of surface im- printing process. The ribbon is then selectively plated 

purities. This is accomplished by degreasing, immersing in the unmasked sections of the ribbon. After removal 

in an alkali solution, ultrasonically cleaning, or abrasive 1 5 of the plating resist to expose the bare niobium, the nio- 
cleaning. It is further contemplated that other forms of bium oxide mask is formed. Then the diffusion reaction 

cleaning may be utilized. process is again used to form the Nb 3 Sn superconduc- 

The substrate 10 is then coated all over with an inter- tive compound, 

mediate masking material 12, such as copper, as shown In order to better illustrate the features of the inven- 

in FIG. 2. This may be accomplished by evaporative 20 tion a length of twisted multifilament niobium tin su- 
coating, plating, roll bonding, or metallic spraying. perconductive ribbon was made in accordance with the 

Predetermined portions of the masking material 12 invention. Niobium ribbon 0.025 millimeters thick by 

are then selectively removed to form the inverse of the 1 .25 centimeters wide was cleaned in a sodium hydrox- 

final mask. Regions 14 in FIG. 4 are exposed base and ide solution for 10 minutes. The ribbon was then rinsed 

regions 16 are covered with the intermediate mask. Re- 25 in distilled water and coated with a very thin film of 
moval of the masking material in the regions 14 is pref- copper in a vacuum chamber in which copper was 

erably accomplished by a photo resist process. evaporated and deposited on all surfaces of the nio- 

In this process niobium ribbon 10 previously coated bium. This eliminates hydrogen contamination be- 

with masking material 12 , such as copper or nickel, is tween the copper and the niobium, 
additionally coated all over with suitable photo resist 30 The thinly copper coated strip was electroplated with 
material 18, such as Kodak KPR-3, as shown in FIG. copper to a copper thickness of about approximately 

2. The photo resist material is dried or baked. Then it 0.006 mm, rinsed, dried, and spray-coated on both 

is exposed to light selectively through previously pre- sides and edges with Kodak KPR photo resist material, 

pared masks that are properly indexed on each side of This was then air dried for 10 minutes and oven dried 

the ribbon. In this manner the masks employed on each 35 at 170° F for 10 minutes. 

side of the ribbon are so positioned that continuous Previously prepared photographic film masks with 

paths are formed across the faces of the ribbon and approximately 10 lines per inch and with an opaque 

around the ribbon edges. line to transparent spacing width ratio of approximately 

Development of the photo resist in suitable chemicals 1 :3 were placed on each side of the ribbon with oppo- 

selectively removes the photo resist material leaving a 40 site slopes as viewed from one side. They were indexed 
protective coating over the portions which are not to be to match opaque to opaque and transparent to trans- 

etched as shown in FIG. 3. After again drying or baking parent at the edges of the ribbon sandwiched between 

the etch resist material to harden it, the unwanted sec- them. Thin transparent sheets, such as Lucite, were 

tions of the masking material 12 are removed in a suit- placed on each side of the sandwich array to prevent 

able etchant, such as ferric chloride, exposing the nio- 45 inadvertent misalignment. Exposure times of 5 % min- 
bium in the filament divider regions 14, but leaving the utes were used on each side. This relatively long expo- 

regions 16 covered with the masking material as shown sure time was required because the KPR is most sensi- 

in FIG. 4. tive ' n near ultraviolet part of the spectrum and the 

The final mask is formed on regions 20 of FIGS. 5 added Lucite adsorbs ultraviolet light. After exposure, 

and 7 by heating the substrate 10 in an oxidizing atmo- 50 the ribbon was placed in Kodak photo resist developer 
sphere to a temperature between 200° C and 500° C. for 2 Ms minutes, rinsed, air dried for 10 minutes, and 

The temperature is preferably near 370° C. At this tern- oven dried at a temperature of 170° F for 10 minutes, 

perature oxides of niobium form on the exposed nio- The intermediate mask was formed by chemically 

bium base, the photo resist material 18 bums off, and etching away the unprotected copper to expose the nio- 

the copper 12 remains. The heating is continued until bium. The final mask of niobium oxide was formed by 

an oxide layer forms on the region 14 of FIG. 4 to form heating the ribbon in air to a temperature of 370 C for 

the final mask 20 in FIGS. 5 to 8. 5 minutes. A light chemical etch in dilute nitric acid re- 

The intermediate mask on region 16 of FIG. 4 may moved any remaining photo etch resist material and 

then be removed or not. If the intermediate mask is 6Q copper oxide. The niobium oxide is a very stable corn- 
copper it need not be removed. pound and was unaffected. 

A superconductive filament 22 shown in FIGS. 6 and The ribbon was suspended from a stainless steel rod 
8 is then formed between the masked areas 20 by diffu- in a Vycor tube which extended into a vertical furnace, 

sion reaction. Copper will be displaced from the region The tube contained a tantalum crucible in the form of 

16 in the process. a tube with one closed end. A chromel-alumel thermo- 

By way of example, Nb 3 Sn is formed by such a diffu- couple was attached to the outside of the Vycor tube, 

sion reaction between the exposed niobium ribbon and At the top end of the Vycor tube, out of the furnace, 

molten tin at temperatures between 900° C to 1200°C. a transition to metal tubing was made, and in this sec- 



3 , 737,824 


tion provision was made for attaching a vacuum pump, 
gage, and argon gas supply. In addition, a sliding seal 
arrangement enabled vertical movement of the ribbon 
into and out of the furnace. 

The apparatus was assembled, purged with argon gas, 
and pumped out several times to reduce contaminating 
residual gas levels. The apparatus was then pumped 
down to the low micron range of 5-1 Oji. The furnace 
was then turned on, and when the thermocouple indi- 
cated a temperature of 970° C had been reached, the 
ribbon was lowered into the tantalum crucible contain- 
ing the molten tin, allowed to remain in the tin for 1 % 
minutes, and withdrawn to just above the tin for an ad- 
ditional 1 % minutes still in the high temperature region 
of the furnace. The ribbon was then withdrawn from 
the hot section of the tube and the furnace shut off. 

After cooling to room temperature, the ribbon was 
removed from the apparatus and tested for supercon- 
ductive properties. Tests indicated the transition tem- 
perature was greater than 17.95° K and the critical cur- 
rent at 0.6 telsa is 150 amperes. Metallographic exami- 
nation showed no traces of copper remaining. 

While the preferred embodiment of the invention has 
been shown and described it is contemplated that vari- 
ous modifications may be made without departing from 
the spirit of the invention or the scope of the subjoined 
claims. 

What is claimed is: 

1. A method of making a twisted multifilament super- 
conductor comprising the steps of 

masking predetermined portions of a substrate to 
form a twisted configuration about said substrate, 
and 

forming a filament of a superconductive compound 
on said substrate between the masked portions. 

2. A method of making a twisted multifilament super- 
conductor as claimed in claim I wherein the supercon- 
ductive compound filament is formed by diffusion reac- 
tion. 

3. A method of making a twisted multifilament super- 
conductor as claimed in claim 1 wherein the substrate 
is masked by 

coating the substrate with an intermediate masking 
material, 

removing said intermediate masking material in pre- 
determined regions to expose the portions of the 


substrate to be masked, and 
forming a mask in said regions by oxidizing the ex- 
posed substrate material therein. 

4. A method of making a twisted multifilament super- 
5 conductor as claimed in claim 3 wherein the mask is 

formed in the predetermined regions by heating the 
substrate after the intermediate masking material has 
been removed in the predetermined regions. 

5. A method of making a twisted multifilament super- 
10 conductor as claimed in claim 3 wherein the predeter- 
mined portions of the intermediate masking material 
are removed by a photo resist process. 

6. A method of making a twisted multifilament super- 
conductor as claimed in claim 5 wherein the predeter- 

15 mined portions of the intermediate masking material 
are removed by 

covering the intermediate masking material with a 
photo resist material, 

selectively exposing the photo resist material to light 
20 through masks that form continuous paths across 
the faces of the substrate and around the edges 
thereof, 

developing the photo resist material to remove the 
same in said predetermined regions and provide a 
25 protective coating over said intermediate masking 
material in regions where the filament is to be 
formed, and 

applying an etchant to the covered substrate to re- 
move the intermediate masking material in said 
30 predetermined regions where said photo resist ma- 
terial has been removed. 

7. A superconductive ribbon comprising 
a flexible substrate, 

a superconductive compound in the form , of fila- 
35 ments twisted about said substrate to form filamen- 
tary current paths, and 

a mask between said filaments to support the same. 

8. A superconductive ribbon as claimed in claim 7 
wherein each twisted multifilament is an intermetallic 

40 compound of the substrate material formed by diffu- 
sion reaction. 

9. A superconductive ribbon as claimed in claim 8 
wherein the substrate is niobium. 

10. A superconductive ribbon as claimed in claim 9 
45 wherein the superconductive compound is Nb 3 Sn. 
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